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(54) METHOD OF PRODUCING ORGANIC EL ELEMENTS, ORGANIC EL ELEMENTS AND 
ORGANIC EL DISPLAY DEVICE ' 



(57) A method of manufacturing an organic EL ele- 
ment according to the present invention comprises the 
steps of forming pixel electrodes (801). (802). (803) on 
; a transparent substrate (804) and forming on the pixel 
electrodes by patterning lurrilnescent layers (806), 
(807), (808) made of an organic compound by means of 
an tnk-jet method., According to this meihod. it is possi- 
ble to carry out a high precise patterning easily and in a 
short time, thereby enabling to cany out optimization for 
a film design and luminescent characteristic easily as 
well as making it easy to adjust a luminous efficiency. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to a method of manufacturirig an organic ^ectrolumihescent (EL) element, an organic 
EL element, and an organic EL display device. 

BACKGROUND AFa 

10 An organic EL element is an element which has a conf fguratfori iri which a thin film containing a fluorescent organic 
compound is held between a cathode and an anode. In the organic EL element, electrons and holes are injected from 
the respective electrodes into the thin film to generate excitons through the reoomtxmation of the electrons and holes. 
The organic EL element produces luminescence by utilizing emission of light (fluorescence or phosphorescence) at the 
deactivation of the excitons. 

IS The features of the organic EL element is that it is possible to obtain a high intensity surface luminescence on the 
order of 1 00 to 1 00.000 od/m^ at a low vdtage of less than 1 0V, and that it is possible to produce luminescence of from 
blue to red by the selection of the kind of fluorescent material. , ■ ' 

The organic EL element is drawing attraction as a device for realizing a large area full color display element at a . 
tow cost (see, Technical Reports of the Society of Electronic Information and Communications. Vol. 89. No. 1 06, 1 989, 
20 p. 49). According to the report, bright luminescence of blue, green and red were obtained by forming a luminescent 
layer using an organic luminescent material which emits strong fluorescence. This fact is considered to mean that it is 
possible to realize a high brightness full color display by using an organic coloring matter which emits strong fluores- 
cence in a thin film state and has less pin hole defects. 

In addtion. in Japanese Laid-Open Publication No. Hei 5-78655. there Is proposed to use an organic luminescent 
2S layer containing a luminescent material which is formed of a mixture of an organic charging material and an organic 

' luminescent material, thereby obtaining a high brightness full color element by preventing guenching due to higher con- - 
. centration as well as expanding the latitude in the selection of the luminescent material. 

Further, in Appl Phys. Lett; Vol. 64, 1994, p. 81 5, it is reported that a wt)ite luminescence was obtained by using 
polyvinyl carbazole (PVK)a6 a luminescent material and doping it with coloring matters corresponding to three primary 
30 colors R, G and B. However, in neither of the above refeirences, the configuration or the method of manufiacture of an 
actual full color display panel is not shown. * 

In the organic thin film EL elements using the organic luminescent materials descrit>ed above . in order to realize a 
fufl color display device, rt Is neoesisary to an^nge organic luminescent layers wtvcti emit any one of the three primary 
colors for tiie respective pixels. However, there is a protslem in that a polymer or precursor that forms the organic lumi- 
33. nescent layer lacks a sufficient resistance to a patterning process such as photolithography, so that it is very difficult to 
cany out patterning with highly precision. 

Furtiier. when several organic layers are to be formed by a vacuum deposition method, it takes a long time. TTiere- 
fore, such a method cannot be said to be an efficient method of manufacturing the element. 

40 SUMMAYOFTHEINVErsTTION 

It is an ot^ect Of the present invention to provide a method of ma^ 
possible to carry out patterning easily and precisely, can attain optiimization of a film design in a simple manner, and has 
. excellent luminescence characteristics, as well as to provide an organic EL element and an organic EL display device.; 
45' In order to achieve the above object, the manufacturing method of an organic EL element according to the present 
invention conrprises the steps of forming pixel electrodes on a transparent substrate, forming on the pixel electrodes by 
patterning at least one luminescent layer having a certain color and n^de of an organic compound, and forming a coun- 
ter electrode opposing the pixel electrodes, wherein the formation of the luminescent layers is performed by means of 
an ink-jet method. 

so In the present invention, it is preferable that the organic compound is a polymer organic compound. In this case, it 
is preferable that the polymer organic conrpound is a hole injection and transfer type material. Preferabiy, such a poly- 
mer organic compound is a polyparaphenylene vinylene or its derivative a a copolymer which contains at least either 
one of these compounds. 

tn this connection, when an aganic luminescent nfiaterial itself is not a hole injectio 
55 is tiie case in the above-mentioned polymer organic compound, it is pqssbje to add a hole injection and transfer type 
material to the luminescent layer in Mlition to the fuminescai^ : 
Further, it is also preferred that the at least one luminescent layer comprises three layers having different colors, in 
which the at least two colors out of the luminescent layers of three colors are patterned by means of an ink-jet method. 
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The three colors are red, green and blue, and rt is preferable that the red luminescent layer and the green luminescent 
layer are patterned by means o1 an ink-jet method. In this case, it is more preferable that the blue luminescent layer is 
formed by a vacuum deposition method. Further, it is preferable that the blue luminescent layer is made of an electron 
ir^ectk)n and transfer type material, such as an aluminum quinoflnol 
5 In the manufacturing method for the organic EL element according to the present invention, it is preferable that at 
least one luminescent layer is laminated with a hole injection and transfer layer, and it is also preferable that a protective 
film is formed on the counter electrode. 

In the manufacturing method for the organic EL element of the present invention, it is preferable that the transparent 
substrate is provided with thin film transistors for driving respective pixels. 
TO Further/it is preferable that the pixel electrodes are formed imo a transparent pixel electrode. 

Furthermore, the organic EL element of the present invention is provided with a transparent substrate, pixel elec- 
trodes fonmed on the transparent substrate, at feast one luminescent layers having a certain color and made of an 
organic compound, the luminescent layer being patterned on the pixel electrodes by an ink-jet method, and a counter 
electrode fprmed on the luminescent layer. 
15 It is preferable that the organic compound Is a polymer organic compound^ and it is more preferable that the poly- 
mer organic compound is a hole irijection and transfer type material. 

Moreover, it is preferable that the polymer organic compound is a polyparaphenylene vinylene or its derivative or a 
copolymer containing at least one of them. 

It is preferred that the at least luminescent layer includes three layers having different three colors, and it is prefer- 
20 able that two layers thereof in the luminescent layers of three colors are patterned by ah ink-jet me^od. The three colors 
are red. green and blue, and it is more preferable that the red luminescent layer and the green luminescent layer are 
separately patterned by an ink-jet method. In this case, it is wore preferable that the blue luminescent layer is formed 
by ;a vacuum deposition method. 

It is preferable that the blue luminesce;nt layer is made of an electron injection and transfer material, As for such a 
25 blue luminescent layer, a layer containing an aluminum quinolynol, complex can be mentioned. 

Moi-eover. it is preferable that at least one luminescent layiar is laminated with . a hole injection and transfer type 
layer, and it is more preferable that a protective film is fbrmed on the cat^ 

Furthermore, it is preferable that the pixel electrodes are formed into a transparent pixel electrode. 

Moreover, the organic EL display device according to the present inventioh is characterized in that it includes the 
30 organic EL element described In tha above. 

BRIEF DESCRIPTION OF -mE DRAWINGS 

Fig. 1 is a sectional view which shows a first embodiment of a manufacturing method for an organic EL element 
35 according to the present invention. 

Rg. 2 Is a sectional view which shows a second embocfiment of a manuf^iCturing method for an orgarvc EL element 
according to ttie preset invention. 

Rg. 3 is a sectional view which shows a third embodiment of a manufacturing method for an organic EL element 
according to the present invention. 
40 Rg. 4 is a sectional view which shows a fourth ennbodiment of a manufacturing method for an organic EL element 
according to the present invention. 

Rg. 5 is a sectional view which shows a fifth embodiment of a manufacturing metfiod for an organic EL element 
according to the preset invention. 

Rg. 6 is a sectional view which shews an example of the organic EL element according to the present invention. 
45 Rg. 7 IS a sectional view wNch shows an example of an organic EL display device using the organic EL element 
according to the present inventipa 

Rg. 8 is a diagram wtvch shows an example of ah active matrix type organic EL display device using the organic 
EL element according to the present inventioh. 

Rg. 9 is a sectional view which shows an example of a manufacturing method of the actiye matrix type organic EL 
so display device. 

Rg. 10 is a perspective view which shows an example of a configuration, of a head for an ink-jet method which is 
used in the manufacturing method of the organic EL element according to the present invention. 

Rg. 11 is a sectional view of the nozzle part of the head for an ink-jet method which is used in the manufacturing 
method of the organic EL element according to the present invention. 
55 Rg . 1 2 is a diagram whkih shows another embodiment of an organic EL display device according to the present 
invention. , 
Rg. 13 is a schematic perspective view of an organic EL display device according to the present invention. 
^ Rg. 14 is a diagram which shows an example of the waveform of the driving voltage applied to the electrodes. 
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Fig. 15 is a partial sedional view which shows another embodiment of an organic EL elemert according to the 
present invention. 

PREFERRED EMBODIMENTS OF THE INVENTION 

In the following the manufacturing method of the organic EL element and the organic EL element according to the 
DresLn^^JveSwIbJdcscrltjedindetailbasedontheprefe^ 

•^^3 a first embodment of the manufacturing method of the organic EL element a^^^ 

inveSon^h^figure shows the manufacturing method of afull color organic EL element wrth three colors. As stown in 
STfoJS thfe invention is directed ID a method of manufacturing an organic EL element wh.ch comprises a step of 
ton2ni«I elSSSdes 101. 102 and 103 on a transparerrt sU«lraie (transparent support) 104 a st^ of patterning 
Linescent layers 106 and 107 wWch .are made of organic compounds on the respective p«el electipdes. apd a aep 
S^gaSrt^e 113, wherein the method is chamderized In that the formation of the luminescent layers 

''*'rS:SrrsXrter4func.ionsnotonlyasas^ 

AccoX J. Z material for the transparent substrate 1 04 is selected by taldng the m-P^^rr^. 
andthe HKe into consideration. As for examples of the material to be used for the transparent sUistrate. f^-*«^- 
Srt^Slcol^loKe can be mentioned, and among these mal^ 

'"^r:Li:d'SK?rpSr:.Uies 101. 102 and 103 are formed on the transparent substra^ 104. As for 
examples of methods of forming these pixel electrodes, photoflthography. vacuum deposition method, sputtering 
SS1ndpyrosolmethodcan^ementioned.Ambnfl1he8em«hod8.lhephrt^^^ 
' - J« tortf,ese dxel electrodes, H is preferred that they arefom,ed into transparent pixel electrodes. As for the materials 
J^^S^»ansparertplxelelect«xles.aliri^ 

» of indium oxide and zinc oKlde can be mentioned. ^ . . , , 

Next, partitioning walls (banks) 105 are formed to fiH the spaces be|ween the pixel e ectrodes. . 
' Tn Sfe way. it is possible to improve the contrast, to prevent mixing ol colore of the luminescent materais, and to 

''•tl^fiJm^SJ^co'r^^^ 
30 advent for the EL material. Fbr exanple. organic material such as acrylic resin. epo>7 resin photosensitive pdyimide 
and the lite; and inorganic material such as liquid glass and the like can be mentioned th.sre^ard .t is to be not«l 
ttet the banks 105 may be formed into aWack resist which is formed by mixing carbon black and the like into the above- 

'"*"S"f?^I^i of the forming method for thebante 105. photdWaphy^ . 
35 Further organic luminescent layers are formed respectively on the pixel electrodes accordng to a predetermined 
pattern In this case it is preferable to provide organic luminescent layers with three color types. In this connecton. it is 
Dreferred that at least one layer among these organic luminescent layers is formed by an ink-jet method 

In the embodiment shown in Rg. 1. a red luminescent layer 106 and a green luminescent layer. 107 are formed on 
thepixd electrodes 101 and 102. respectively, by the ink-jet method. ..i. 
40 In the above descriptfons. the term "ink-jet method" is used to mean a method of forming a pixel of one of the three 
primary colas including red, green and blue or a pixel of at least one cdor which is intermediate between the primary 
odors W dissdving or dispersing a luminescert material in a sdvent to dJtain a discha^ 
• the discharge liquid from a head 110 of an Ink-jet device 109. . . , . . . 

According to such an inkiet method, it is possible to carry out fine patterning m a simple manner and in a short 
45 time Further, it is also possible to control easily and freely the lumnescent characteristics such as cdor balance and 
brightness (luminance) by adjusting the thickness of the layer through adjustment of the discharge amount of ttie ink or 
by adjusting the ink concentration. j. ... , . /i - 

When the organic luninescent materials are conjugated pdymer precursors described later, the luminescent layers 
are tomied by discharging the luminescent materials by the ink-jet method to can-y out patterning, and then ojniugating 
so (to form a tilm) the precureor components by heating or irradiation with light or the like. 

Next as shown in Rg. 1. a blue luminescent layer 1 08 is formed on the red luminescent layer 1 06, the green lumi- 
nescent layer 1 07 and the pixd electrode 1 03. In this way, it is possible not only to form layers having the three primary 
cdors including red, green and blue, but also to bury the level differences befiwen the banks 105 and eadi of the red 
luminescent layer 106 and the jjreen luminescent layer 107 so 88 to be flattened. ^ 
55 No particular limitation is imposed upon the forming method tor the blue luminescent layer 108. and it is possible to 
form the layer using the general tarn fomiing method known as deposition method or wet method, for instant 

^ FurWer tfledue luminascent.layer 1 08 can be formed of an electron injection and transfer material such as alumi- 
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num quinolynol oomplex. In this case, it is possible to promote the injection and transfer of the carriers so as to improve 
the luminous efficiency. Furthermore, when such a blue luminescerrt'iayer 108 is laminated with red and green lumines- 
cent layers formed of a hole injection and transfer material described later. It is also possible to inject and transfer the 
electrons and the holes from the respective electrodes into these laminated luminescent layers with appropriate bal- 

5 ance, thereby enabling to improve the luminous efficiency. 

Moreover, when such a blue luminescent layer 108 is laminated with the red and green luminescent layers made 
of a hole injection and transfer type material, the function of hole injection and transfer and the function of electron injec- 
tion and transfer can be assigned separately to differerrt layers, so that optimum design can be selected for the respec- 
tive materials, ^io particular lirhHation is imposed upon the fbrming method of such an electron injection and transfer 

10 layer, and it is possibfe to form the layer by using, for eirample, the general film forming method known as deposition 
method or wet method or the ink-jet method. 

In this ponnection. as Ibr an organic conpound which can form an electron irijectioh and transfer layer, oxadiazple 
derivative such as PBD. OXD-8 and the like. DSA, aluminum quinolinol complex, Bebq, triazole derivative, azomethine 
corrplex. porphine complex, benzoxadiazol and the like can be mentioned. In this case, an electron injection and trans- 

1$ fer layer can be formed from just one of these materials, or formed by mixing or laminating one of or two or more of 
them. In addition, the electron injection and transfer layer may be formed by doping a fluorescence dye described later 
to the organic compound described. Further, the electron injection and transfer layer itself may have a function of lumi- 
nescence, 

As described at)ave. in this embodiment, organic luminescent layers for two colors are formed by the ink-jet method 
20. while the layer for the remaining one color is formed by a different method. Tlierefore, according to this embodiment, 
even when a luminescent material which is not so suited for the ink-jet method is used, a full color organic EL element 
can be formed by using such a material in a combination with other organic luminescerit materials that are suited for 
the ink-jet method. 80 that the latitude in the design for the EL element will be 6^ 

As for examples of the Ibnning mettiod for the luminescent layer other than the ink-jet method, photolithography 
55 method, vacuum deposition method, printing method, transfer method, dipping method, spin coating nriethod, casting 
method, capillary method, roll coating method, bar coating method and the like can be mentioned. 

Finally, a cathode (a counter electrode) 1 13 is formed, thereby the organic EL element of the present invention is 
completed. In this case, it is preferred that the cathode 113 is formed into a metallic thin film electrode, and as for exam- 
ples of the metal for forming the cathode, Mg, Ag, Al, Li and this like can be mentioned. In addition, a material having 
30 small wori^ function can be used for the material for the cathode 1 13, and for example, alkali metal, alkali earth metal 
such as Ca and the like, and alloys containing these mcftals can be used. Such a cathode 1 13 may be formed using a , 
deposition method, a sputtering method or the lika 

The orgariic EL dement of the present invention is manufactured through the processes described, in the above. 
Namely, as shown in Fig. 1, the pixel electrodes 101 and 102 are provided on the transparent substrate 104, the red 
3S luminescent layerl 06 and the green luminescent layer 1 07 whk:h are made of organic compounds are then formed on 
the pixel electrodes 101 and 1 02. respectively, by patterning by using the ink-jet method, and then the blue luminescent 
layer 108 is formed on the luminescent layers 106 and 107 and the pixel electrode 103 by the vacuum deposition 
method. Thereafter, the cathode 1 1 3 is fontied on top of the blue luminescent layer 1 08. thereby the organic EL element 
according to the present invention is completed. t 
40 . Further, as shown in Fig. 6, a protective film 415 may be formed on top of a cathode 413. By forming such a pro- 
tective film 415. it becomes possible to prevent deterioration, damage, peeling and the like from pccumng in the cath- 
ode 413 and in the luminescent layers 406. 407 and 408. 

As for materials for constructing the protective film 41 5, epoxy resin, aaylic resin, liquid glass and the like can be 
menttoned. Further, as ibr examples of the fomting method for the protective film 415, spin coating method, casting 
45 method, dipping method, bar coating method.-roll coating method, capillary metiiod and the like can be mentioned. 

In this ennbodiment it is preferable that these luminescent layers are formed of an organic compound, and it is more 
preferatsle that these luminescent layers are formed of a polymer organic compound. By providing such luminescent 
. layers that are formed of the organic compound, it is possibfe to obtain high brightness suilacia luminescence at low 
voltages. Further, since luminescent materials can be selected from wide range of field, a rational design for the lumi- 
50 nescent element becomes possible. 

In particular, polymer organic compounds have an excellent film formation property, and the luminescent layers 
conposed of polymer organic compounds have an extremely good durability. Further, these polymer organic com- 
pounds have a band gap in the visible region and a relatively high electrical conductivity. Among such polymer organic 
conpounds. a conjugated polymer can exhibit such properties prominently. 
55 As for materials for the organic luminescent layers, polymer organic compound itself, precursor of conjugated 
organic polymer compound which is to be conjugated {\6 form a film) by heating or Vie like, and other materials are 
used. 

. When a precursor prior to conjugatfon (to form a film} is used as a luminescent material, the viscosity or the like of 

■ ■ ■ " ■ .. ■ ■ - ■ : ' ■ ■ . ^ ■ 
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a dsfiharge liquid used for the fnk-jet sy^m can be adjusted easily, so that the patterning is carried out precisely and 
the luminescence characteristics and the film properties of the luminescent layer can be controlled easily. 

It is preferred that the polymer organic compound forming the luminescent layers is a hole injection and transfer 
material. In this way. it is possible to promrte the Injection and transfer of the carriers and thereby to improve the' lurni- 
5 . nous efficiency. 

As for exanples of an organic compound which can form the luminescent layers, polyalkylthiophene such as PPV 
(poly(paraphenyjene vinytene)) or its derivative, PTV (poty(2.5-thlenylene vjnylene)) and the like; polyallylene vinylene 
such as PFV (po|y{2.5-furylene vinylene)) pdyparaphenytene. polyalkylfluorene and the like: pyrazoline dimer; quino- 
lizine cartx)xylic acid; benzopyrylium perchlorate: benzopyranoquinolizine; mbrene; phenanthroline europium complex 
10 arvl the like can be mentioned. In this case, just one of them or a mixture of two or more of them can be selectively used. 
Among these organic compounds. PPV which is a conjugated organic polymer compound a its derivative is pref- 
erable. The precursor prnr to conjugation (to form a fflm) of PPV or Hb derivative is soluble to water or organic solvent, 
so ttiat they are suitable for pattern fbrrnation by the ink-jet method: Further, it is possible to obtain a thin layer vvhich 
has high optical quality and excellent durability, since it is a polymer. Furthermore. PPV or its derivative possesses a 
75 strong fluorescence, and since it is a conductive polymer in which n-electron of double fcxmd is delocalized on the pol- 
ymer chain, a thin film of PPV also functions as a hole injectk>n and transfer layer, which makes it possible to obtain an 
organic EL element having high perfonmance. 
' Furthermore, the compositton for an organic EL element in a case where a polymer organic conpound is used for 
the material for the luminescent layers may include at least one kind of fluorescent dye in It. By including such fluores- 
ce cent dye way. it becomes possible to change the luminous property of the luminescent layer/Therefore, the addition of 
the fluorescent dye Is effective as a means, for &cample, for improving the luminous efficiency of the luminescent layer 
or for changing the maximum wavelength of light absorpttoh (emitted cotorj of the luminescent layers. 

Namely, a fluorescent dye can be utilized not ohly as a material for the luminescent layers t)ut also as a material for 
the coloring matter which has the luminescence function Itself. For example, almost all of the energy of the excitons 
25 which are generated by the recomlpination of carriers on the molecules of a conjugated organic polymer compound 
such as PPV can be transferred onto the molecules of the fluorescent dye. In this case, the cirrent quantum efficiency 
of the EL element is also increased, because the luminescence arises only frorii the molecules of the fluorescent dye 
which have a high fluorescence quantum eff idency Accordingly, by the addition of a fluorescent dye into the composi- 
' tton for the organic eL element the luminescence spectrum of the luninescent layer becomes at the same tirne the 
30 spectrum of the fluorescent dye, whereby this method becomes also an effective means for changing the emitted color. 
In this connection, it shouW be noted that what is meant here by the current quantum efficiency is a scale for con- 
sidering the luminescence performance according to the luminescence function, and it is d^ned by the fbjldwing 
expression. , ' , 

35 He" ^Gi^y ^ emitted photon / input electrical energy. 

The changes in the maximum wavelength of light absorption induced by the doping of a fluorescent dye make it 
. possible . for example, to emit the three primary colors of red. green and blue, thereby enabling to obtain a full color 
display device. 

40 Further, the doping of the fluorescent dye makes it possible to iirprpve extremely the juminous effteiency of the EL 
element. 

As for a fluorescent dye used for the red luminescent layer, laser dye DCM, rhodamine or a rhodamine derivative, 
perylene and the like can be used. These fluorescent dyes are soluble to solvents because they are low molecules, and 
have a high compatfoility with PPV or the like, so that a luminescent layer with a good uniformity and good stability can 
45 be formed easily. As for examples of the rhodamine derivative fluorescent dyes, rhodamine B, rhodamine B base, rhod- 
amine 6G, rfK)damine 101 perchlorate can be mentioned. In this case, a nrixture of two or more of them can be selec- 
tively used. 

Further, as for a fluorescent dye used in the green luminescent layer, quinacridone. rubrene. DCJT and their deriv- 
atives can be mentfoned. Since these fluorescent dyes are low molecules in the same manner as the fluorescent dyes 
50 to be used in the above-mentioned red luminescent layer, they are soluble to solvents and have a high compatibility with 
PPV a the like, so that the luminescent layer can be formed easily. 

As fbr the fluorescent dye used in the blue luminescent layer, dtstyrylbiphenyt and its derivative can be mentioned. 
These fluorescent dyes are soluble to aqueous solutions in the same manner as the above-mentioned fluorescent dyes 
for the red luminescent layer, and have high compatibility with PPV or the like, so that the lumineiscent layer can be 
55 formed easily. ■ . 

In addition, as for other fluorescent dyes that can be used in the blue luminescent layer, coumarin; and coumarin 
derivatives such ascoumarin-1, coumarin-6. coumarin-7, coumarin 120, coumarin 138. coumarin 152, coumarin 153. 
coumarin311. CQurnarin 314. (^uinarin 334. coumarin 337, obunuirin 343 a^ like can be rnentioned. 
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Moreover, as for other luminescent materials that can be ised in the blue luminescent layer, tetraphenylbutadiene 
(TPB) or TPB derivative. DPVBi and the like can be mentioned. Since these luminescent materials are also low mole- 
cules In the same manner as the fluorescent dyes for the red luminescent layer, they are soluble to solvents, and have 
high conpatibpy with PPV or the like, so that the luminescent layer ca^ 
5 These fluorescent dyes and luminescent materials as descn'bed abiove can be selectively used as a just one of 
them or as a nnxture of two or more of them. 

The structure of a head of the Ink jet system used in the manyfocturing method of the organic EL element accordr 
ing to the present invention is shown in Fig, 10 and Fig. 11 . 

The head 10 for the ink-jet system is provided with, for example, a stainless steel nozzle plate 1 1 and a vibration . 
10 plate 13, and they are coupled via partitioning members (reservoir plates) 15. 

Between the nozzle plate 1 1 and the vibration plate 13, a liquid storage 2 1 and a plurality of spaces 1 9 are formed 
by riieans of the reservoir plates 15. Tlie inside of the respective spaces 19 and the liquid storage 21 are filled with the 
conposition according to the present invention, and the spaces 19 oortimunicate with the liquid storage 21 through sup- 
ply ports 23. 

15 Further^ a nozzle hole 25 is provided in the nozzle piate 1 1 for discharging the conposition in a jet^form frbrri the 
spaces 19. In the meantinrie, a hole 27 is fomied in the vibration plate 13 for stpplying the composition to the liquid sloi'- 
, age 21. 

Further, on a surface of the vibration plate 1 3 which is opposite to the other surface that faces with the spaces 1 9, 

piezoelectric elemerrts 29 are attached at positions corresponding to the positions of the respective spaces 1 9. 
20 Esfch of the piezoeledric Elements 29 isf positioned between a pair of electrodes 31 . The piezoelectric element 29 

is adapted to t)end so as 1p protrude outward when energized, and at the same time, the vikYation platel3 to which the. 

piezoelectric element 29 is attached is also bent outward together with the piezoelectric elemerit 29. In this way, the vol-' 

ume of the space 1 9 is incireased. With this result, a quantity of the composition corresponding to the increased volume 

flows into the space 19 from the liquid storage 21 through the supply port 23. 
25 Next when the piezodectric element is de-energized, both the piezoelectric elerhent 29 and the vibration plate 1 3 
''■ \ return to their original shapes. In this way, ttie space 19 also rotums to its original volume, so that the pressure exerted 

to the composition witNn the ^ce 19 goes up. whereby the composition is jetted out fi-om the nozzle hole 25 toward 

the substrate. 

In this connection, a water repellent layer 26 is formed at the peripheral part of the nozzle hole 25 in order to prevehl 
30 the bend of the jetted djrectkm of the compositidh and the clos^ 

Namely, a water repellent layer 26 fomned of, for example, a Ni-tetrariuorpethyiene eutectpid plated layer is provided 
: iri the peripheral part of the nozzle hole 25 as shown In Fig. 1 1 . 

Using the head with the above construction. It is possible to form resfiiective organic luminescent layers by dis- 
charging the compositions corresponding to, for example, the three primary cotors red, blue, and green according to a 
35 predeternranedpattem, thereby enabling to fbnm the pixels. 

In the manufacturing method of the organic EL element according to the present invention, compositions with the 
following characteristics can be used as organic luminescent materials for the ink-jet method. 

\t is preferable that the compositions have a contact angle of 30 to 170 degrees, and more preferably. 35 to 65 
degrees, with respect to the material constituting the nozzle surface 251 of the nozzle provided in the head lor the ink- 
40 jet system for discharging the composrtiqa When the compositiori has the contact angle given in this range, it is possi- 
ble to cariry out a precise pattaming by suppressing the bend in tlie jetted direction of the composition. 

Namely, if the contact an^e is less than 30 degrees, wettability of the composition with respect to the material cpn;- 
stituting the nozzle surface increases, so that there is a case that the conposition attaches asymmetrically to the 
periphery of the nozzle hole at the tim^ of discharging the conposition. In this case, an attraction acts between the com- 
45 position attached to the nozzle hole and the composition to be discharged. This causes the discharge of the composi- 
tion by a non-uniform force, which gives rise to a situation so-called "bend in the jetted direction" in which the 
conposition is unable to reach the target position, and also to an increase in the occurrence frequency of the bend in 
the jetted direction. Meantime, if the contact angle exceeds 170 dei^ees. the interaction between the composition and 
the nozzle hole becomes a minimum and the shape of the meniscus at the tip of the nozzle is unstable, so that the con- 
so trpi of the amount and the timings of discharge of tlie composition tends to be difficult. 

In the above descriptions, what is misant here by tiie bend in the jetted direction refers to a situation in which, when 
the composition is discharged from the nozzle, tiie poirit of inpact of a dot deviates from the target position by more 
than 50 ^m. Further, the occurrence frequency of the bend in the jetted direction is del hed as the time untilthe bend in 
the jetted direction occurs after a. continuous discharge of tfie composition is started at the frequency of 7200Hz. The 
55 bend in the jetted direction is generated principally by such causes as the nonuniformity in the wettability of the nozzle 
hole and the clogging of the nozzle hole by the attachment of soW components of the conposition. Such bend in the 
jetted direction can be eliminated by cleaning the head, in tiiis corinection. more frequent head cleaning is required for 
more frequericy of occurrence of tiie bend in the jetted direction, and such a composition that arises the higher occur- 
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rence frequency can be said to a conposition that deteriorates the manLriactiiring efficiency of the EL element by the 
ir*-jet method. On the practical level, an occurrence frequency of the bend in the jetted direction is required to be more 
than 1000 seconds. 

^ By preventing such bend in the jetted direction from occumng, it k)ecomes possWe to carry out a highly fine pat- 
terning with high precision. ■ 

Further, it is preferable that the viscosity of the composition is 1 to 20cp. and more preferably 2 to 4cp. If the viscos- . 
ity of the conposrtipn is less than icp. the contents of tfie precursor and the fluorescent dye in the material are too 
small, so that the luminescent layer which is formed cannot exhbit luminescence power sufficiently On the other hand, 
H it CKceeds 20cp. it is inpossible to discharge the composition smoothly from the nozzle, and it becomes difficult to 
cany out pertleming unless othennrise such a change in the specification as the enlargement of the diameter of the noz- 
zle hole is introduced. In addition, when the viscosity of the a»mposilipn is hiflh, precipitation of the solid components 
in the composition tends to occur, thus leading to an increased occurrence frequency of clogging erf the nozzle hole. 

Furthermore, it is preferable that the composition has the surt&ce tension of 20 to 70 dyne/cm. and more preferably 
25 to 40 dyne/cm. By restricting the surface tension to such a range, it is possible to suppress the bend in ttie jetted 
direction and suppress the occurrence frequency of the bend in the jetted direction to a low level, in the same manner 
as the case of the above-mentioned contact angle. If the surface tension is less than 20 dyne/cm, the wettability of the 
conposition with respect to the material constituting the nozzle surface increases, whichi results in the occurrence of 
the bend In the jetted direction, and an increase in the occurrence frequency of the bend in the jetted direction, similar 
to the case of the contact angle. On the other hand, if rt exceeds 70 dyne/cm. the shape of the meniscus at the tp o# 
the nozzle is not stable, which results in the dHffcuH^ in the control of. the amount and the timings of discharge of the 
conposition. 

Further/ as for the wnposition of me organic luminescent niateiial suita^ 
. organic EL element of this invention, it needs to satisfy the condition on the numerical rarige for at least one of the char- 
acteristics including the contact angle, the viscosity and the surface tension described above. In this connection, a com- 
position which satisfies the condrtipns for the arbifrary combination of two characteristics is more preferable, and a 
conpositipn which satisfies the conditions for all the characteristics 

Fig. 2 shows a second en*odimem of the manufactifing method of the organic EL element according to the 
present invention. / 

In this second entxxiiment. after tormatfon of pixel electrodes 201 . 202 arid 203 and banks 205 on a transparent 
substrate 204, a red luminescent layer 206 and a green luminescent layer 207 are formed by using an ink-jet method in 
the same n^nner as the first embodment ' 

This second embodiment is different from the first embodiment in the point that a hole injection and transfer layer 
208 is formed on the pixel electrode 203 and then a blue luminescent layer 210 is laminated on the layer 208. By the 
lamination of the hole injection and fransfer layer 208 with the blue luminescent layer, it becomes possible to promote 
the Injection and transfer of the holes from the electrode to improve the luminous efficiency as mentioned above. 

Thus, in the manufacturing method for the organic EL element according to the present invention, rt is preferable to 
laminate k hole injection and transfer layer with at least one lumines<ient layer with a certain color. In this way. it is pos- 
sible to irrprove the luminous efficiency and to improve the stability of the thin film element itself. 

In this case, at the vicinity of the interlace between the luminescent layer and the hole injection and transfer layer 
which are laminated with each other, a part of the materials contained in either of layers may exist in the state of mutual 
Inpregnation and diffusing into the other layer. 

It is preferable that the hole injection and transfer layer 208 is a non-luminescent layer. With this arrangement it is 
possible to make a region of the blue himinescerit layer 210 positioned above the pixel elecfrode 20Z b be a lumines- 
cem portion, tiiereby enabling to fabricate a full color organic EL eleniert 

No particular linitation is Irrposed upon the forming method for such a hole injection and transfer layer 208, but for 
exanple. it Is possible to farm the layer by using the ink-jet method. In this way. it becomes possible to arrange the hole 
iHection and transfer layer 208 precisely with a predetermined pattern. 

As for flxairples of the material constituting the hole injection and transfer layer 208, aromatic diamine based com- 
pound such as TPD; MTDATA; quinaaidbne: bisstil anthracene derivative: PVK (polyvinyl carbazole): phthalocyanine 
based conplex such as copper phthalocyanine: porphin based compound: NPD; TAD: polyaniline; and the like can be 
mentioned. Among these materials. PVK is particuraly preferred. By using PVK, it becomes possible to form a non-lumi- 
nescent hole injection and transfer layer. . 

Further, the organic EL element according to the present invention can be obtained by forming a blue luminescent 
layer 210 arid a cathode 21 1 in the same way as the first embodiment. The materials constituting the blue lurtiinesceni 
layer 210 and the cathode 21 1 and the manufacturing method thereof are the sante as those of the first embodiment. 

Fig. 3 shows a tfiird embodiment of the manufacturing method for the organic EL element according to the present 
invention. 

In this third embodirnent afttf the fomnation of pixel electrodes 301 . 302 and 303 and banks 305 on a ti^nsparent 
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substrate 304, a red lumineecent layer 306 and a green luminescent layer 307 sltq forrned in the same manner as the 
first embodimeht 

Next, a hole injection and transfer layer 308 is formed on the entire surface of the red luminescent layer 306, the 
green luminescent layer 307 and the pixel electrode 303. By laminating the hole injection and transfer layer 308 with the 
5 luminescent layers 306 and 307 in this way, it is possible to pronfX)te the injection and the transfer the holes from the 
electrodes to improve the luminescence efficiency, as described in the above. 

Further, by the same reason as in the above, It Is preferable that the hole injection and transfer layer 308 is formed 
into a non-luminescent layer. 

No particular limitation is Imposed upon the forming method for the hole injection and transfer layer 308, and for 
TO example, ink-jet method, vacuum deposition method, dipping method, spin coating method, casting method, capillary 
method, roll coating method, bar coating method and the lice can be mentioned. In this entodiment. it is to be noted 
that the hole injection and transfer layer can be formed using the vacuum deposition method. In this connection, as for 
the material constituting the hole ir^ection and transfer layer 308, the same pfiaterials as those mentioned in tiie second 
embodiment can be used, 

. 15 Further, by forming a blue luminescent layer 309 and a cathode 311 on the hole injection and transfer layer 308. 
the organic EL elonent according to the present invention can be obtained. TTie a>nstituent material and the forming 
method of the cathode 311 are the same as those of the above-mentioned embodiments. 

Fig. 4 shows a fourth ernbodiment ol the manufacturing method for the organic EL element according to the present 
invention. 

20 In tills fourth embodiment, after tiie formation of pixel electrodes 801 , 802 and 803 and banks 805 on a transparent 
substrate 804 in the same way as the first embodiment luminescent layers 806^ 807 and 808 are patterned on tiie pixel 
electrodes 801, 802 and 803. respectively, by the ink-jet method. In tiiis way. the amount pi the material to be dis- 
charged for the respective luminescent layers, tiie number of times of tiie discKarge and the formation pattern of the 
luminescent layers, for example, can be adjusted easily and handily, so that the luminescent characteristics and film 

25 thickness and the like Of the respective luminescert layers can be controlled easily. 

In addition, an electron injection and transfer layer 81 1 is formed on tiie luminescent layers 806. 807 and 808. The 
electron injectksn and transfer layer 81 1 facilitates tiie injection of the electrons from the cathode, and contributes to the 
prevention of electrode extinction keeping the luminescent portions away from the cathode to establish a better con- 
tact with the cathode. As for the electron Injection and transfer layer 81 1 . aluminum quinolynol coniplex to wWch the 

30, doping is not carried out can be used. This electron irijkition and transfer layer 81 1 can be formed by nrieans of a vac- 
uum deposition method. 

In this connection, tiie forming method fw ttie electron injection and transfer layer 81 1 is not limited to this metiiod. 
and for example, the ink-jet method, vacuum depositkMi mettKxJ. dipping method, spin coating metiiod. casting method, 
capillary method, roll coating rriethod. bar coating metiiod or the like can be used: 
35 Further, the organic EL element according to tiie present Invention can be obteined by forming a cathode 813 on 
top of it. The constituent material arid ttie Ibrmatiori method of the cathode 813 are the same as ttiose of the above- 
mentioned embodiments. 

Rg. S shovi«a fiftherrt>odiniientqfttien(»nufacturihg^n^ 
inventioii. 

40 In this fiftti embodiment pixel electrodes 801. 802 and 803 are first fonmed on a transparent substrate 804 in ttie 
same manner as tiie first embodiment Then; a hole injection and transfer layer 815 which is for example made of PVK . 
is fornied on the entire surfaces of ttie pixel electrodes by means of, for example, a spin coating metiiod. Accordingly, 
since ttie hole injection and transfer layer 81 5 in this embodiment can be formed by means of coating wittiout need of 
patterning, it is possible to inaease manufacturing effidency 

45 No particular limitation is imposed upon the forming method for ttie hole injection and transfer layer 815, and for 
example. Ink-jet method, vacuum deposition mettiod. dipping mettiod. spin coating method, casting method, capillary 
method, roll coating mettiod, bar coating rnettiod and ttie like can be used. 

Further, from ttie same reason described above with reference to the ottier embodiments. It is preferred that the 
hoM Injection and transfer layer 81 5 is fontied into a non-luminescent layer. 

so On top of ttie hole injectkwi and transfer layer 81 5. luminescent layere 806, 807 and 808 are formed. In this regard, 
it is preferred ttiat among ttiese luminescent layers, at least one luminescent layer for a certain cok)r Is formed by pat- 
tering using ttie ink-jet method carried by the ink-jet device 809. 

Then, by forming a cattiode 81 3 on top of ttie luminescent layers, an organic EL element according to the present 
invention can be obtained. The structural material for the cathode 813 and ihe manufacturing mettiod ttiereof are tfie 

55 same as those of the ottier errtjodiment described above. 

According to tiiis frftti emtxxJiment, no bank is formed. However, by using ttiis manufacturing mettiod. ttie coating 
of the luminescent layers for ttie primary colors R, Q and B can be carried out correctly and preciously, thus leading to 
improvement of manufecturing eff foiency. In ttiis regard, it is to be noted ttut the manufacturing mettiod of this embod- 
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imem can be also afipiled to the case where bante are provided to form respective pixels like the previous embodir 

ments. . *u«.^ 

The organic EL element of the present invention can be manufactwed according to the manufacturing methods 
described above with reference to the embodiments. However, the present invention Is not. limited to the sfructures pro. 
vided by these methods, and the followng structures can be adopted, toi' instance. ■ .. . _ 

Rg! 15 is a partial cross-sectional view which shows other embodiment of an organic EL element according to the 

'''^^e'SS^EL element of tNs embodiment has a construction in which a reflection layer 62. a transparent conduc- 
tive film (110 film) 63. a hole ir^ectlon and transfer layer 64. an organic luminescent layer 65. a metal layer 66 and a 
transparent conductive layer (ITO fUm) 67 are laminated on a trahsparent substrate 61 in this order. Herembelow. the 
materials and the manufacturing methods of the respective layers (Bms) are described, in which a desoipBon is made 
only for the differences from the previous oniwin.ert5 and the commpn «Planation« omitted.^ _ 

In the organic EL element according to this embodiment on the transparent substrate 61. the reflection layer 62 
which is made from a rhetal thin film such as Al is provided directly. ^ ^. , • . 

The metal layer 66 which is laminated onto the luminescent layer 65 as a cathode is extremely thin (approximate 
to 10 to 50 A) so that the metil layer has a light permeability so as to pass emitted light from the luminescoit layer ^ 
therelhixxigh. On the olher hand, since the metal layer is extremely thin, its value of resistance is h^h and thecelbre its 
conductivity is insufficient, therefore, the metal layer can not sufficiently exhibit function as the cathode. !^r this reasoa 
the transparent ooriductive film (ITO film) 67 is laminated onto the metal layer 66. In this connection, H is to be noted 
that such a metal layer 66 can be made from A! - U alky or the.like for example, and it can be formed using the vacuum 
deposition method, sputtering mettwd or the lilw. . ^ 

By using the above described oonsmjcSon. Hglrl which is converted in the luminescent layer 65 from a currert 
which has been injected from the electrodos is transmitted in the direction indicated by the arrow in the drawing. Wth 
• this resuH. it becomes possible to taKe out the light without passing through the transparent siOslrate 61, so that a dls- 
25- play with a higher brightness becomes possible. _ 
Fig. 7 IS an illustration which shows an embodiment of an organic EL display device according to the present inven- 

' tion 

In this enfcpdimenl. a bus line (gate line) 51 1 made of Al is formed on a glass plate 501 by means of aphololilhog- 
raphy patterning method, and a thin film transistor (not shown in the drawing) is formed thereon to constitute the ITO 
transparent pixel electrode 504 and the like. Then, as is the same manner as the first embodiment, a red luminescent 
layer 502 and a green luminescent layw 503 are lonned by ineans of the ink-iet method, and then a bkie luminescent 
layer 505 is formed by mrans of the vacuum depceitiqn method. Thereafter, a cathode 506 is fbrmed liy means of the 
vacuum deposition method, thereby constructing the organic EL element same as the first embodiment described 
above 

In addition, a protective base material 507 is stuck onto the transparerts^ in a fixed manner by means 

of a peripheral seal 509. ... _. u u --i ^ 

Next this assembly is placed in an inert gas atmosphere such as argon gas or the like, and thereby introducing the 
inert gas'inside thereof from a seal opening 513 and then the seal opening 513 is sealed with a seal member 508. By 
filing the inside of the assembly with the inert gas 51 and then sealing it as described above, it becomes possible to 
protect the organic EL element from' external contamination such as moisture or environmental changes, thereby ena- 
bling to maintain the luminescent characteristics of the organic EL display device. In this case, it is preferred that the 
seal m«Tiber 508 is formed form a material through which the inert gas 512 does not 

A silver paste 510 has a function thai realizes.a contact between the cathode 506 and the gate line 51 1 on the ele- 

"^^^e lines 511 are provided to control ON and OFF of the thin film transistors (TFT), which are provided in the 
respective display pixels, in each One of the pixels in order to select pixels to be displayed. Upon writing, potential of the 
gate line for one line of pixels is turned into a selected level, thereby bringing the TFTs on this line into a conductive 
state At this time, by supplying picture signals for the con^esponding pixels from the source electrode wires of the 
respective lines (not shown in the drawing), the voltages of the picture signate are applied to the pixel electrodes 
through the TFTs. thereby enabling to charge the potentials to the pixels to a level of a signal voltage and then dis- 
charge them. . ^. ^. . ^ . . 

' Fig 8 is an illustration which shows other embodiment of an active matrix type organic EL display device using the 
organic EL element according to the present invention. This organic EL display device of this embodiment includes an 
pixel arrangement comprised of a plurality of luminescent pixels which are arranged in a matrix form and which are 
55 formed into any one of R. G and B luminescent elements. 

As shown in this figure, on the substrate (not shown), there are provided signal lines (signal electrodes) 601 and 
gate lines (gate electrodes) 602 which are arranged in a matrix form so as to be orthogonal to each other. Furthw. in 
each of the pixels, a thin film transistor CTFT) 804 which is connected to both the signal line 601 and the gate line 602 
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is pro^rided, and a luminescent layer 605, 606 which is fpmied bf the organic EL element and connected to the TFT is 
laminated on the TFT In this case, at least one luminescent layer hr any one of colors R, G, B is formed by means ot 
. the ink-jet method. 

Fig. 9 is a sectional view which shows one example of the manufacturing method of the active matrix type organic 
5 EL display device according to the present Invention. 

First, on a transparent substrate 904, predetermined thin film transistors 915 as well as gate lines and signal lines 
(not shown) and the like are formed. Next, on respective pixel electrodes (ITO) 901 , 902. 903 which are respectively 
provided with prescribed functional elements such as the thin film transistors 915, hole injection and transfer layers 91 1 
are formed so as to cover the respective pixel electrodes. As for the hole injection and transfer type material, the same 
^ 10 materials that are discussed in this specification with reference to the previous embodiments can be used. Further, the 
method of forming the hole injection and transfer layer 91 1 is not limited 1o a spedific method, and it is possible to form 
the layer t)y means of any method described above. 

Further, respective luminescent layers. 906 (red). 907 (green) and 908 (blue) are formed by patterning. In the for- 
mation of these luminescent layers, at least one layer for one cofor is formed by the inK-jet method using an ink-jet 
15 device 910. 

Rnally, a reflection electrode 913 is fbirmed. thereby completing the organic EL display device according to the 
present invention. As for the reflection electrode 913, Mg - Ag electrode having a thickness of about 0.1 to 0.2 Mm or 
the like is formed, for instance. 

In the above-mentioned embodiment concerning the active matrix type organic EL display device according to the 
20 present invention, a thin film transistor is used as a switching element, but the present invention is not limited thereto. 
Other switching elements and two-terminal element such as MIM can be used: Further, the display device may be con-= 
figured into a passive drive type or a static drive type (static image, segment display). 

Furthermore, the number of the switching element is not limited to one per one pixel. A plurality of switching ele- 
ments may be provided per one pixel. 
25 Rg. 12 shows an emt)odiment of an organic EL display device in wtiich a plurality of switching elements are pro- 
vided per one pixel. In this embodiment, a switching type thin film transistor 142 carries out a role that transmits the 
potential at a signal electrode 132 to a current thin film transistor 143 in response to the potential at a scanning elec- 
trode 131. and Uie cunrent thin film transistor 1 43 can-ies out a role that controls electrical connection between the com- 
mon electrode 133 and the pixel electrode 141. 
30 fvlext, referring to the drawings, a description is made with regard to an embodiment of a passive matrix type (simpje 
matrix type) orgsuiic EL display device using tiie organic ^ 

Fig. 13 is a perspective view which roughly shows a structure of the organic EL display device according to the 
present invention. 

As shown in the drawings, in the organic EL display device of this emlxxliment, a scanning electrode 53 and a sig- 
35 nai electrode 54 which are formed into an elongated strip, respectively, are arranged outside the organic EL element 52 
so that scanning lines extending from the scanning electrode 53 and tiie signal lines extending from the signal electrode ^ 
54 are orthogonal to each other through the organic EL element. 

Such a passive matrix type display device is driven by selecting scanning lines of the scanning electrode 53 in a 
pulsed manner in a sequential order while a voHage is applied to signal lines of the signal electrode 54 corresponding 
40 to pixels to be displayed on ttie scanning lin& Such selectton of the lines is carried out by a controller 55. 

In this connection, jx should be noted that in a case of tiie passive drive type display device^ it is necessary tiiat a 
catiiode Is patterned so as to be separate forms to correspond to each of lines. For example, when a thin cathpde hav- 
ing a thickness of about 0.2 \im is formed according to the third enribodimerit such separate forms of the cathode can 
be automatically obtained since the cathode is separated by the banks. 
45 Such a cathode is formed by the patter formation performed by a masking deposition metiiod or a laser cutting 
. method, for instanca 

Rg. 14 is a diagram whfoh shows one example of wave forms of driving voltages applied to the scanning electrode 
1 3 and signal electrode 1 4, respectively The wave forms shown in the drawing are determined so^as to be able to apply 
a voltage Vs which is sufficient to luminescence to selected pixels, Further, the brightness of a pixel to be displayed is 

so controlled through the widtti of the pulse from the signal electrode 14 tfiat has been determined so as to meet with a 
gray scale of the brightness to be displayed: On the other hand, a voltage Vn which is lower tiian a luminescent thresh- 
oki voltage is applied to respective non-selected pixels. 

In Fig. 14, Tf shows a scanning timing, in this case, the scanning signal is driven by a pulse having a duty ration of 
1/100. In this connection, it has been confirmed that the luminescence of the blue luminescent layer 808 of the organic 

55 EL display device comprised of the organic EL elements of the fourth embodiment was a brightness of 1 00 GdMi2 at a 
driving voltage of 20V. 
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EXAMPLES 

( Manufacturing Of Organic EL Elemenis > 
5 (Example 1} 

As shown in Fig. 1 . on the glass substrate 104, ITO transparent pixel electrodes 1 01 . 1 02 and 1 03 were formed by 
means of photolithography so as to form a pattern having a pitch of lOOjim and a thickness of 0. l|im. 

. Then, the spaces between the ITO transparent pixel electrodes were buried, and then banks 105 which act not only 
70 as a light cutoff layer but also an Ink drop pre/enting wall were formed by photolithography. In this case, the banks 105 
were designed so as to have a width of 20^lm and a thickness of 2.0nm. ' 

Further, after the pattern formation with red and green luminescent materials shown in Table 1 and Table 2 which 
were jetted from the head 1 1 0 of the ink-jet device 109. they were undergone heat treatment under a; nitrogen atmos- 
phere for hours to polymerize the precursors in the compositions of the materials, thereby forming luminescent layers 
IS 106 (red) and 107 (green). 

Then, by carrying out a vacuum deposition of aluminum quindynol complex to which perylene condensed aromatic 
was added as a cfopant, a blue luminescent layer 108 of the electron injection and transfer type having a thickness of 
0.1 Jim was formed. 

At the last; a Mg ■ Ag electrode 1 13 having a thickness of 0.8 ftm was formed as a cathode using a vacuum depo- 
■20 sjtion method to obtain an organic EL element. 

(Example 2) . 

In the same manner as Example 1. ITO tiransparent pixel electrodes 201. 202. 203 were formed on a glass sub- 
25 strata 204 as shewn in Fig. 2. Thereafter, the spaces between the ITO transparent pixel electrodes were buried and 
then reisists (partitioning walls) 205 made of a light-sensitive potyimide and functioning not only as a fight cut off layer 
but also an ink drop preventirig waU were formed. 

Then, after coating and pattern formation of read and green luminescent materials shown in Table 1 and Table 2, 
respectively, by using an hTk-jet device 209 in the same way as the Example 1 , they were undergone heat treatment 
30 under a nitrogen atmo^here for four hours to polymerize the precursors in the compositions of the materials, thereby 
forming luminescent layers 206 (red) and 207 (green). 

Next, a hole injection and transfer layer made of polyvinyl cart»zole (PVK) was patterned on the transparent pixel 
electrode 203 by means of the Ink-jet device 209. Then, a blue luminescent layer 210 was formed by coating the pyra- 
..zoline dimer on top of the hole injection and transfer layer. 
35 FinaHy, an Al ^ Li electrode 211 having the thickness of 0.8 jtm was formed as the cathode by the deposition 
niethod, and thereby the organic EL element was nnstfiufac^^ 

(Examples) 

40 Rrst, ITO transparent pixel electrodes 801, 802 arid 803 and bankis 805 were formed on a glass substrate 804 as 
shown in Fig. 4 in the same way as Example 1 . 

Next, an organic hole injection and transfer type material was mixed in the luminescent materials shown in Table 1 ^ 
and Table 2 to form luminescent layers 806 (red). 807 (green) and 808 (bjue) by using an ink-jet device 809. 

Next, the vacuum deposition was carried out using the aluminum quinolynol complex to which the doping was not 
45 earned out to form an electron injection and transfer layer 81 1 having the thickness of 0, 1 jim. 

Finally, an Al - Li electrode 813 having the thickness of 0.2 jjim was formed as the cathode by the deposition 
method, and thereby the orgeuiic EL element vras manufactured. 

(ExanfTp|e4} 

so • • . 

In the same way as Example 1 . ITO transparent pixel electrodes 301 . 302 and 303 and banks 305 were formed on 
a glass substrate 304 as shown In Rg. 3. 

Next, after coating and pattern fomiation with red and green luminescent materials shown in Table 1 and Table 2, 
respectively, by using an ink-jet d^/ice 31 0 in the same way as Example 1 , they were undergone heat treatment under 
55 a nitrogen atmosphere for four hours to polymerise the precursors in the conpositions of the rhaterials. thereby forming 
luminescent layers 306 (red) and 307 (green). 

\ Next, a hole injectfon and transfer layer 308 made of polyvinyl carbazole (PVK) was formed on the entire surfaces 
of the luminescent layers 306, 307 and the transparent electrpde 303 by means of the coating method. 
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TTien. a blue luminescent layer 309 made of a distyryl derh/ative was formed on the hole injection and transler layer 
308 by means of the vacuum depositionrnethod. 

Finally, an Al - Li electrode .311 having the thickness of 0.8 ^m was formed as the cathode by the deposition 
method, and thereby the organic EL element was manufactured. In this ca^e, as described above, the cathode 311 was 
5 automatically separated and then insulated by the formation of the j[»nk5 304, the cathode was brought into a condition 
that is vyas patterned so as to correspond to the respective pixels 301 , 302 and 303. 

(Examples) 

10 First, in the same way as Example 1 , ITO transparent electrodes 801 . 802 and 803 and bank^ 805 were formed on 
a glass substrate 804 as shownin Fig. 4. 

Then, after coating and pattern fomnation with the red. green and blue luminescent materials by discharging poly- 
meric organic luminescent materials shown In Table land Table 2, respectively, using the ink-jet device 809, they were 
- undergone heat treatment under a nitrogen atmosphere at 150 "C for fcwr hours to polymerize the precursors in the 
■ IS conpositions of the rriaterials, thereby forming luminescentlayers 806 (red). 807 (green) and 806 (blue). 

Next the vacuum deposition was carried with the aluminum quinolynol complex to which.the doping was not carried 
out to fbnm the electron transfer layer 81 1 having the thi^ess (rf 0.1^^^ 

Finally, an Al - Li electrode 81 2 having the thickness of 0.8 (im was formed as the cathode by the vacuum deposi- 
tion, so that the organic EL element was nrianufaclured: 

20 ' ■ ' . ' ■ - . . ■ 

( Evaluation Of the Ujnfvnescence Chmacteristics and the Film Cha 

The luminescence.characteristics and the film characteristics of the lumtnescerTt layers of ihe organic EL elements 
which weremanufactured in Examples 1 to Sdescribed above were evaluated according to the following methods. 

2S . \' . ' ' ^' ' • .V' ■ ■ " 

1. Luminescence Starting Voltage 

A prescribed voltage was applied to the. element, and the applied voltage at which a luminance of 1 od/m^ is 
observed was defined as the luminescence starting voltage [Vth]. . 

30 , •. ■ ■ " ■- . - ■ . . ■ ' ■ / 

2. Luminescence Life ' • . — ■ • 

The initial luminance after applying a stabilization treatment was set to 1 00%, and the changes in the luminance of 
the EL element were measured when subjecting it to continuous luminescence through supply of a constant current of 
35 standard waveform, vyherein the luminescence life is defined as the time until the luminance drops to 50% of the initial 
luminance. . ' 

In this case, the drive conditions for this experiment were set at 40^C for room temperature, 23% for humidity and 
- 20 mA/crn^ for current density. 

40 3.. Luminafice; (Brightness) . 

The liimiriance was measured, in which the current wg^ . 

4. Wavelength at Maximum Absorption 

The wavelength at maximum abson:>tion for each luminescerrt layer was measured. 

5. Stability in Film Formation " . *' 

so After heating the luminescent layer at 20''C for 60 iriinutes, conditions for occurrence of defects such as cracks and 
deformation in the respective luminescent layers were obsen^ed by a microscope. 
The results of the evaluatfon were classified according to the following rnarks. 

@ • Extremely fewprable , . 
55 O •••Favorable 

X • • • IJnsatisfactpry , c 

The results of the evaluation are shown iii Table 3 arid Table 4. 
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As indicated in T^a 3 and Table 4. the luminescem layers in Examples 1 to 5 have excellent luminescence char- 
acteristics and excellent film characteristics. In particular, when the luminescent layers were formed of polymer organic 
cohrpounds, no defects were observed in the luminescent layers, and extremely lavoratile thin films were obtained. 
In the above, the compositions for the organic EL elements and the manufacturing methods for the organic EL ele- 
5 ments according to the present invention have been described according to the embodiments that are illustrated. How- 
ever, the present invention is not limited to these embodiments, and for example, there may be inserted in the 
manufacturing processes for providing any intermediate functional layers between the respective layers. Further, the 
fluorescent dyes which are added for changing the luminescence characteristics are not (inrdted to those described 
above. 

10 Further, a layer made of. for example, 1 i2.4-triazole derrvatiye (TAZ) may be provided as a buffer layer between tha 
respective layers, ther^y enabling.to more improve the luminance, luminescence life and the like. 

Furthermore, the manufacturing method for the organic EL elements according to the present invention may 
include a further process in which surface treatment such as plasma. UV treatment, coupling or the like are applied to 
the surface of the resin resists, the pixel electrodes and the underlying layers in order to facilitate the sticking of the EL 

15 materials. Moreover, rt is possible to apply the manufacturing method for the organic EL element of the present inven- 
tion to the manufacturing method for the inorganic EL elefnent. 

The organic EL display device according to the present invention may be applied to the low information field, such 
as segment display arid stilt image display of whole surface simultaneous luminescence, for example; display of pic^ 
tures. characters, labels, or may be utilized as a light source having pointy 

20 ' ■ ' . - ■ ■ . 

INDUSTRIAL UTILIZATION 

As described in the above, according to the manufacturing method of the organic EL element of the present inven- 
tion, it is possitsle to e}^lore rational design of the EL luminescent elements through a wide ranging selection of the 
25 luminescent materials. For example, through arbitrary combinations of the luminescent materials and fluorescent dyes, 
it is po^tole to obtain wide ^^riefy of display lights. - i . . 

Further, usi ng the organic luminescent materials, it.is possible to obtain the diversified designs of the EL element 
having high luminance and long life. ■• - 

Furthermore, by carrying out the pattern forming and arrangement of the luminescent layer for at least one cbtor.. 
30 the hole ir^jection and transfer layer and the electron injection and transfer layer by means of the ink-jet method, it \i pos- 
sible to set artMtrarily and precisely the size and the patted 

When a precursor, which can tse conjugated (form a film) by thernrioset^ng is used as a luminescent material, the 
latitude in the setting of oondiiibhs such as yiscpsity can be expanded, and the adjustment of the conditions suitable as • 
a discfiarge Ikiuid for the ink-jet method can t>e facilitated. 
'ss Further, according to the manufacturing method for the organic EL element of the present invention, conditioris 
such as the film thickness, the number of dots and the tike can be adjusted arbitrarily, so that it is possible to control, 
readily the luminescence characteristics of the luminescent layers. 

Furthermore, according to the ink-jet method. It is possible to move freely the head on the transparent substrate, 
thereby enabling to form an element with an arbitrary size without restricting the dimensions of the substrate. Moreover. 
40 since required amounts of materials can be arranged at required locations, it is possible to maximally exclude the use- 
lessness of wiaste liquid or the like. In this way. manufacturing of a full color display device with large screen size 
becomes possible at a. low cost. 
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Clafms 

1. A method of manufacturing an organic EL element, comprising the steps of: 

5 forming pixel electrodes on a transparent substrate; 

fornling on said pixel electrodes by patterning at least one luminescent layer having a certain color and made 
of an organic conrpound; and 

forming a counter electrode opposing the pixel electrodes, wherein the formation of the luminescent layer is 
performed by means of an Ink-jet metiipd. 

2. The method of manufacturing an organic EL element as claimed in claim 1 . wherein the organic compoimd is a pol- 
ymer organic compound. * 

. 3. The method of manufacturing an organic EL element as claimed in claim 2, wherein thepplymer organic compound 
15 is a hole ir^ectbn and transfer type material. 

4. . The method of manufacturing an organic EL element as claimed in claim 2 or 3, wherein the polymer organic com- 
pound is a polyparaphienylene vinylene or its derivative or a copolymer which contains at least eith^ one of these 
compounds. 

20 ' . ," ■ • ' 

5. The method of manufacturing an organic EL element as claimed In any one of claims 1 to 4, wherein said at least 
' one luminescem layer com^prises three luminescent layers having differem three colors, and at least two lumines- 
cent layers in the three luminescent layers are formed by patterning by means of an inkiet methcid. 

25 6. The method of manufacturing an organic EL element as claimed in claim 5, wherein said three colors include red. 
green and blue, and the red luminescent layer and the green luminescent layer are formed by patterning by means 
of an mk-jet method. 

. 7. The method of manufacturing an organic EL element as claimed in' claim 6. wherein the blue luminescent layer is 
30 formed by a vacuum deposition method. 

8. The method ,of manufacturing an organic EL elemem as claimed in daim 7, wherein the blue luminescent layer Is 
nriede of an electron injection and transfer type material. 

35 9. . The method of manufacturing an organic EL element as claimed in any one of claims 1 to 8 . wherein said at least 
one luminescem layer is lamih^ed with a hole. injection arid transfer layer. 

10. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 9, further comprising the 
step of forming a protective film on the counter electrode. 

40 

11. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 10. further comprising 
the step of fonrning ori said transparent substrate electrodes for driving the respective pixd 

1 2. The method of manufacturing an organic EL element as claimed in any one of claims 1 to 1 1 . wherein sard pixel 
45 electrodes are transparent pixel electrodes. 

13. An organic EL element comprising: 

a transparent substrate; 
so pixel electrodes provided on the transparent substrate; 

at (east one luminescent layer having a certain color and made of an organic compound, said luminescent layer 
being patterned on the pixel electrodes by an ink-jet system; and 
a counter electrode fonmed ori the luminescent layer. 

55 14. The organic EL element^ as claimed in claim 13, wherein the organic compound Is a polymer organic compound. 

15. The organic EL element as claimed in claim 14. wherein the polymer organic compound is a hole injection and 
transfer type material- 
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16. "Pie organic EL element as claimed in claim 14 or 15, wherein the polymer organic compound is a polyparaphe- 
nylene vinylene or its derivative or a copolymer which contains at least either one of these compounds. 

17. The organic EL element as claimed In any one of claims 1 3 to 1 6, wherein said at least one luminescent layer oom- 
■ prises three luminescent layers having different three colors, and at least two luminescent layers in the three lumi- 
nesced layers are formed by patterning by means of an ink-jet method. 

18. The organic EL element as claimed in claim 17, wherein said three colors include red, green and blue, and the red 
luminescent layer and the green luminescent layer are patterned by means of an ink-jet method. 

19. The organic EL element as claimed in any one of claims 13 to 18. wherein the blue luminescent layer is fomied by 
a vacuum deposition method. 



20. The organic EL element as claimed in daim 19, wherein the blue luminescent layer is made of an electron injection 
15 and transfer type material. . 

21 . The organic EL elenrmt as claimed in any one of claims 13 to 2Q, wherein said at least one luminescent layer is 
lariiinatedvnth cm electron injection and transfer type material. . . 

20 22. The organic EL element as claimed in any one of claims 13 to 31 , further comprising a protective film forrried on 
the counter electrode. 

; 23. The organic EL element as claimed iri any one of -claims 13 to 22, wherein said pixel electrodes are transparent 
pixel electrodes, 

24. An organic EL display device comprising the organic EL element as claimed in any one of claims 13 to 23. 
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FIG. 9 
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FIG. 10 
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